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Universit�e Libre de Bruxelles, Brussels, Belgium4

In contrast to angiotensin receptor blockers (ARBs), mainly
excreted by the liver, the dosage of angiotensin-converting
enzyme (ACE) inhibitors, cleared by the kidney, must be
adapted to account for renal clearance in patients with
chronic kidney disease (CKD) to avoid acute kidney injury
(AKI). Community-acquired AKI and the use of ACE
inhibitors or ARBs in the emergency department were
retrospectively assessed in 324 patients with baseline stage
3 or higher CKD. After stepwise regression analysis, the use
of ACE inhibitors (odds ratio [OR], 1.9; 95% confidence

interval [CI], 1.1–3.1; P=.02) and the presence of dehydration
(OR, 30.8; 95% CI, 3.9–239.1) were associated with AKI. A
total of 45% of patients using ACE inhibitors experienced
overdosing, which causes most of the excess risk of AKI.
These results suggest that dosage adjustment of ACE
inhibitors to renal function or substitution of ACE inhibitors
with ARBs could reduce the incidence of AKI. Moreover,
ACE inhibitors and ARBs should be stopped in cases of
dehydration. J Clin Hypertens (Greenwich). 2016;18:514–
521. ª 2016 Wiley Periodicals, Inc.

Renin-angiotensin system (RAS) blockers are some of
the most prescribed drugs for patients with chronic
kidney disease (CKD). In patients with CKD, RAS
blockers are recommended mainly for both arterial
hypertension and proteinuria to slow the rate of CKD
progression.1 However, RAS blockers may induce acute
kidney injury (AKI) in certain clinical situations such as
dehydration or sepsis, which are frequently reported in
elderly patients with CKD.2–4 In turn, AKI itself may
hasten the progression of the underlying CKD by
causing cell cycle arrest of tubular cells and the
development of interstitial renal fibrosis.5 Thus, the
risk/benefit ratio of RAS blockers must be evaluated in
elderly CKD patients. Accordingly, some authors rec-
ommend a dose reduction of angiotensin-converting
enzyme (ACE) inhibitors to minimize adverse renal
events.6,7 In contrast to ACE inhibitors, angiotensin
receptor blockers (ARBs) are predominantly cleared by
the liver rather than the kidney.7 Thus, ARBs do not
require dose adaptation, even in severe CKD. In order to
minimize the risk of ACE inhibitor–induced AKI and
hyperkalemia, manufacturers provide adjustment rec-
ommendations that are summarized in Table I. In the
present study, we tested the hypothesis that overdosing
of ACE inhibitors in CKD outpatients is associated with
an increased risk of community-acquired AKI if an
intercurrent disease occurs. We also evaluated how the

prescribed daily dose of ACE inhibitors matched with
the dose reduction recommended by the manufacturer
in CKD patients.

MATERIAL AND METHODS

Study Design
We performed a retrospective, cross-sectional study in
the emergency department of our academic center
(Hôpital Erasme, Brussels, Belgium) between October
2010 and the end of April 2013. All data were retrieved
from our hospital biochemistry and electronic medical
databases. The study was approved by the local ethics
committee in compliance with the Declaration of
Helsinki 2000 as well as the Declaration of Istanbul
2008.

Patients
Every adult patient who was admitted to the emer-
gency department with an estimated glomerular filtra-
tion rate (GFR) <45 mL/min/1.73 m2 (as defined by
the Chronic Kidney Disease Epidemiology Collabora-
tion 2009 equation)8 measured within 48 hours of
hospital admission was considered for analysis. Base-
line renal function was defined by the lowest plasma
creatinine values (or highest estimated GFR), which
was reported between 3 to 12 months before admis-
sion. A global cohort of 1897 patients was identified.
From this global cohort, patients with either unknown
or baseline renal function ≥60 mL/min/1.73 m2

were excluded (n=224 [14.2%] and n=498 [31.6%],
respectively). Other exclusion criteria were lacking
or incomplete medical records (n=98), end-stage
renal disease on dialysis (n=291), solid organ
transplant (n=196), metastatic cancer (n=131), or
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subsequent admission to the intensive care unit
(n=135). A total of 324 patients with moderate to
severe CKD constituted the final data set.

Assessment of AKI
AKI was defined and classified into three stages accord-
ing to Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guidelines.4 We did not
consider urinary output criteria because it was not
reported in many cases and the risk of it being
inaccurately reported could not be estimated in a
retrospective design. Presence or absence of AKI at
admission was defined by the comparison between
baseline and admission plasma creatinine levels as
defined by KDIGO guidelines.4 Causes of AKI were
defined on the basis of the admission emergency medical
records and were subdivided into four groups: prerenal
(ie, dehydration, low circulating volume), septic, renal
origin, and obstructive. The length of AKI was defined
as the time needed to reach the baseline value. If the
length of AKI was greater than 3 months or if AKI

resulted in permanent dialysis, length of AKI was
considered to be permanent. The length of AKI was
unknown in 14 of the 129 AKI patients identified
(10.8%).

Assessment of RAS Blocker Intake
The use of RAS blockers was noted from the admis-
sion emergency medical record and confirmed from an
additional medical record dating back at least
3 months. RAS blockers were classified into two
groups: ACE inhibitors and ARBs. Only one patient
was taking a combination of a direct renin inhibitor
(aliskiren) and an ACE inhibitor. Dose adjustment of
RAS blockers according to baseline renal function was
assessed in accordance with manufacturer’s recom-
mendations (Table I). Then, ACE inhibitor intake was
subdivided in two groups: overdose and normal dose
(including submaximal dose and maximum daily
dose). Finally, in cases of AKI, suspension of the
RAS blocker prescription by the emergency doctor was
noted.

TABLE I. Dosing of Most Prescribed ACE Inhibitors and ARBs

Drug Name

Renal/Hepatic

Excretion

Maximal Dosage in Renal

Dysfunction, mL/mina
Maximal Dosage Across

All Indications

American Manufacturer’s

Recommendationsb

ACE inhibitors

Captopril 100%/0% ≥50: 100 mg/d

20–49: 50 mg/d

<20 or HD or DP: contraindicated

except for specialist

150 mg/d 10–50: 75% normal dosage

<10: 50% normal dosage

Maximal dosage: 450 mg/d

Lisinopril 100%/0% Adaptation of the starting dose then titrate

to a maximum dosage of 40 mg/d

40 mg/d HTN: 80 mg/d Idem

Perindopril

arginine

100%/0% ≥60: 5 mg/d

30<Clr<60: 2.5 mg/d

15<Clr<30: 2.5 mg 1 d/2

HD: 2.5 mg dialysis day

10 mg/d Not found

Ramipril 100%/0% ≥60: 10 mg/d

30<Clr<60: 5 mg/d

15<Clr<30: 5 mg/d

HD: 5 mg dialysis day

10 mg/d <40: 5 mg/d

<10: 25% to 50% of the normal

dosage

Maximal dosage: 20 mg/d

ARBS

Candesartan 33%/67% Adaptation of the starting dosage

then titrate <15: limited experience

32 mg/d Idem

Losartan 10%/90% Dosage adjustment not required unless

patient is volume depleted

150 mg/d Maximal dosage: 100 mg/d

Olmesartan 20–60: 20 mg/d

<20: contraindicated to limited experience

40 mg/d Dosage adjustment not required

Telmisartan 0%/100% Mild to moderate CKD: dosage

adjustment not required

Severe CKD: adaptation of the starting dosage

80 mg/d Idem

Valsartan 30%/70% >10: dosage adjustment not required

<10: caution

320 mg/d <30: caution

Abbreviations: ACE, angiotensin-converting enzyme; AKI, acute kidney injury; ARBs, angiotensin receptor blockers; CKD, chronic kidney disease; Clr,

clearance; DP, peritoneal dialysis; HD, hemodialysis; HTN, hypertension; Idem, same as European manufacturer’s recommendations.

aAdapted from official European manufacturer’s recommendations (May 21, 2015).

bAdapted from official American manufacturer’s recommendations (May 21, 2015).
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Data Collection
The main clinical and biological characteristics reported
in the literature as risk factors for AKI were considered.4

A detailed cross-sectional analysis of electronic medical
records was undertaken for demographic and clinical
data, which included age, sex, hemodynamic parameters
at admission, medical history (hypertension, diabetes,
dyslipidemia, CKD, coronary artery disease, peripheral
artery disease, stroke, heart failure and reduced left
ventricular ejection fraction, respiratory disease, malig-
nancy), medication history (eg, diuretics, aldosterone
antagonists, b-blockers, calcium channel blockers,
a-blockers, sympathetic blockers, antithrombotic ther-
apies, calcium supplements, nonsteroidal anti-inflam-
matory drugs), emergency diagnosis, and admission and
baseline laboratory data including plasma creatinine
and potassium. Peak systolic blood pressure, diastolic
blood pressure, and heart rate were noted from admis-
sion emergency medical system field records. The
primary diagnosis from the emergency admission record
was retrieved. The most common emergency diagnoses
were cardiovascular disease, sepsis, trauma, neurologic
disease, and dehydration. The diagnosis of sepsis was
confirmed according to standard criteria.9 The diagnosis
of dehydration was considered according to the fact that
diagnosis of dehydration was clearly mentioned within
the emergency admission report or the diagnosis of
dehydration could be strongly supported by a combi-
nation of the following items that were found within the
emergency report: (1) medical history (diarrhea, vom-
iting, blood loss, thirsty, heat wave, history of a lack of
access to water because of disability, sweat, burns, and
third-space sequestration, including intestinal obstruc-
tion, fracture, and acute pancreatitis);10 (2) physical
examination (severe postural dizziness, dry axilla, dry
mouth, dry skin, dry mucous membranes, decreased
skin turgor, prolonged capillary refill time, reduced
jugular venous pulse);10 (3) hemodynamic parameters
(postural hypotension); (4) laboratory data (serum urea
nitrogen/creatinine ratio >20:1, natremia >150 mmol/L,
hematocrit >50%, serum albumin concentration >50 g/L,
urine sodium concentration <20 meq/L, fractional
excretion of sodium <1%, fractional excretion of urea
<35%, and urine osmolality >450 mOsm/kg). When
available, proteinuria was retrieved from the 24-hour or
spot urine collection closest to the index admission.
When available, left ventricular ejection fraction as
assessed by transthoracic echocardiography (biplane
Simpson, Teicholz method) was also collected from
the medical records. Finally, the hospital length of stay
was assessed.

Statistical Analysis
Analyses were conducted on the total number of index
admissions (n=324). The admissions were stratified into
two groups: AKI vs no AKI. Gaussian distribution was
evaluated by Kolmogorov-Smirnov test.

Comparisons between nonbinary variables were
performed with either two-sample t tests (parametric

parameters) or Mann-Whitney U test for nonparamet-
ric parameters, otherwise a Wilcoxon rank-sum test
was used. Categorical variables were studied using the
chi-square test. Results were expressed as percentage of
the total for nominal variables and as mean and
standard deviation or as medians with interquartile
(25th and 75th percentiles) range for parametric and
nonparametric numerical variables. The variables
included in the analyses were age, sex, hemodynamic
parameters at admission, medical history, chronic
treatments, emergency diagnosis, admission, and base-
line laboratory data including plasma creatinine and
potassium. Thereafter, the variables with P values <.05
in the univariate analysis were inserted into a stepwise
logistic regression analysis to identify risk factors for
AKI. A second univariate analysis was also performed
in the groups of patients with and without RAS
blockers. Adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs) were derived from the final
logistic models. All analyses were performed with
Stata software (Stata, version 11.2; StataCorp, College
Station, TX), and a P value <.05 was considered
statistically significant.

RESULTS

Incidence and Risk Factors for AKI
A total of 324 patients were included in the final data set
(Table II). Most of the patients were elderly, with a
mean age of 77�12.1 years, and 49.1% were male.
Accordingly, moderate to severe CKD was frequent (eg,
70.4% were stage 3B, ie, <45 mL/min/1.73 m2) with a
mean baseline GFR of 34.5�7.8 mL/min/1.73 m2. AKI
was observed in 40% of cases (129 of 324). Most AKI
patients (91.5%) presented with stage 1 disease, mainly
of prerenal (68.6%) or septic (26.3%) origin. After
univariate analysis, the main risk factors for AKI were
younger age, male sex, chronic use of three or more
different antihypertensive drugs, peripheral arterial
disease, low systolic blood pressure at the time of
admission, and dehydration (Table II and Table III).
Interestingly, only the chronic use of ACE inhibitors was
associated with both AKI (OR, 2.1; 95% CI, 1.2–3.7;
P=.0054) and hyperkalemia (ie, >5 mmol/L; OR, 2.63;
CI, 95%: 1.25–5.93; P=.006), whereas ARBs were not
(Table II and Table III). After stepwise regression anal-
ysis (for the above variables), both ACE inhibitors (OR,
1.9; 95% CI, 1.1–3.1; P=.02) and dehydration (OR,
30.8; 95% CI, 3.9–239.1) were independently associ-
ated with AKI.

The Role of ACE Inhibitor Overdose in the
Occurrence of AKI
We identified 210 patients who took long-term RAS
blockers. ACE inhibitors were more frequently noted
than ARBs (59% vs 41%). As expected, patients
taking RAS blockers had a higher prevalence of
arterial hypertension (92.2% vs 74.8%; P<.0001),
diabetes mellitus (42.4% vs 29.4%; P=.02), dyslipi-
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demia (54.6% vs 40.3%; P=.01), and proteinuria (ie,
>300 mg/g creatinine or 300 mg/24 h) (6.8% vs
1.7%; P=.04). Patients taking RAS blockers were also
more likely to take diuretics (59.5% vs 45.4%;
P=.01), calcium channel blockers (43.9% vs 32.8%;
P=.0485), three or more antihypertensive drugs
(57.6% vs 18.5%; P<.0001), or antithrombotic ther-

apy (77.6% vs 66.4%; P=.03). Interestingly, overdose
of RAS blockers in relation to baseline renal function
was observed in 45% of patients taking ACE
inhibitors but was negligible (0.07%) in patients
taking ARBs. In comparison to the patients who were
naive for RAS blockers, patients who were taking an
overdose of ACE inhibitors exhibited a higher risk for

TABLE II. Baseline Demographic and Clinical Characteristics of Admissions According to the Presence or Absence
of AKI

Ville All Patients (N=324) No AKI (n=195) AKI (n=129) P Value

Age, y 77�12.1 77.9�12 75.6�12.2 .0379

Men, % 49.1 44.6 55.8 .0484

Baseline biochemistry

Baseline serum creatinine, mg/dL 1.77�0.5 1.8�0.6 1.8�0.5 .22

Baseline eGFR, mL/min/1.73 m2 34.6�7.8 34.5�8.2 34.6�7.2 .64

Baseline K+, mmol/L 4.3�0.5 4.3�0.6 4.3�0.5 .72

Comorbidities

Hypertension, % 86 82.6 90.7 .04

Refractory hypertension, % 19.1 16.4 23.3 .13

Hypertension with triple therapy, % 43.2 36.4 53.5 .002

Diabetes, % 37.6 34.4 42.6 .13

Dyslipidemia, % 49.4 46.7 53.5 .23

CKD stage 4, % 28.4 28.7 29.5 .89

Proteinuria, % 71.2 71.7 70.5 .91

Proteinuria stage 3, % 4.9 5.1 4.6 .85

Coronary artery disease, % 33 32.3 34.1 .74

Peripheral artery disease, % 17.3 13.85 22.48 .04

Stroke, % 14.2 11.3 18.6 .07

Heart failure, % 25.3 26.15 24.03 .67

LVEF <45%, % 21.3 23.7 17.8 .3051

Cardiovascular disease, % 25.3 26.1 24 .76

Respiratory disease, % 36.1 18.5 19.4 .84

Malignancy, % 19.1 20.5 17 .53

Medications

RAS blockade, % 63.3 58.5 70.5 .04

Maximal dosage, % 87.3 84.2 91.2 .2

Overdose, % 29.8 24.6 36.3 .1

ACE inhibitor, % 37.3 31.3 46.5 .006

Maximal dosage, % 89.3 86.9 91.7 .58

Overdose, % 45.5 41 50 .42

ARBs, % 25.9 26.2 25 .76

Maximal dosage, % 84.5 81.1 90.3 .42

Overdose, % 7.1 5.7 9.7 .8

Diuretics, % 54.3 51.8 58.1 .26

Aldosterone blockers, % 11.7 10.3 13.95 .31

b-Blockers, % 57.7 53.85 63.6 .08

Calcium channel blockers, % 39.8 36.4 45 .124

a-Blockers, % 2.5 0 6.2 <.0001

Sympathetic blockers, % 10.2 8.2 13.2 .147

Three or more antihypertensive drugs, % 18.6 16.4 23.3 .125

Antithrombotic therapy, % 73.5 70.3 78.3 .109

Calcium supplement, % 26.8 22.6 33.3 .032

Erythropoietin, % 5.6 4.6 7 .364

Nonsteroidal anti-inflammatory drugs, % 2.5 1.5 3.9 .184

Abbreviations: ACE, angiotensin-converting enzyme; AKI, acute kidney injury; ARBs, angiotensin receptor blockers; CKD, chronic kidney disease; eGFR,

estimated glomerular filtration rate; K+, potassium; LVEF, left ventricular ejection fraction; RAS, renin-angiotensin system. Bold values indicate

significance.
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TABLE III. Clinical Characteristics of Patients According to the Presence or Absence of AKI on Admission

All Patients (N=324) No AKI (n=195) AKI (n=129) P Value

Admission biochemistry

eGFR, mL/min/1.73 m2 30.1�9.1 34.7�7.6 23.2�6.4 <.0001

Serum creatinine, mg/dL 2.1�0.8 1.7�0.5 2.6�0.8 <.0001

K+, mmol/L 4.3�0.6 4.2�0.5 4.4�0.77 .0023

Admission hemodynamic parameters

SBP, mm Hg 138�28 142�28 132�27 .0028

SBP <120 mm Hg, % 25.4 21.35 32 .0474

Heart rate, beats per min 83�19 83�18 84�20 .6582

Temperature, °C 36.5�0.7 36.5�0.7 36.5�0.8 .6926

Emergency diagnostics

Unknown, % 2.1 3.1 0.8 .163

Sepsis, % 22.8 21 25.6 .339

Trauma, % 9.3 11.3 6.2 .122

Cardiovascular disease, % 21.9 25.6 16.3 .046

Dehydration, % 5.2 0.5 12.4 <.0001

Ionic disturbance, % 1.8 0.5 3.9 .028

Various, % 24.7 22.6 27.9 .275

Decompensated liver disease, % 1.8 2.05 1.55 .743

Neurologic disease, % 8.6 11.3 4.65 .038

Outcomes

Hospitalization length, d 10.5�14 9.3�11.6 12.4�16.9 .0042

Stop RAS blockade, % 10.1 5.3 15.4 .01

Stop RAS blockade if overdose, % 8.7 4.2 13.2 .03

Stop RAS blockade if AKI recognized, % 17.6

Stop RAS blockade if AKI no recognized, % 5.6

Abbreviations: AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; K+, potassium; RAS, renin-angiotensin system; SBP, systolic blood

pressure. Bold values indicate significance.

FIGURE. Incidence of acute kidney injury (AKI) compared with controls depending on the class and dose of renin-angiotensin-aldosterone
system (RAS) blockers. OR indicates odds ratio; ARB, angiotensin receptor blockers; ACEis, angiotensin-converting enzyme inhibitors; OVD,
overdosed; CI, confidence interval; na, not available.
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AKI (OR, 2.56; 95% CI, 1.26–5.20; P=.0045) (Fig-
ure).

Outcomes of AKI and the Use of RAS Blockers
Mean length of stay was prolonged by 3 days in the case
of AKI (Table III). In cases of AKI, the chronic use of
RAS blockers was associated with longer length of AKI
(3.5�4.5 days [n=17] vs 5.4�6.5 days [n=42],
P=.0474). However, despite the association of RAS
blocker use with both AKI and subsequent prolonged
length of stay, overdosing was not a determinant in
length of stay. In this context, a trend in longer AKI was
observed when an overdose of RAS blockers was
prescribed in comparison to optimal doses of RAS
blockers (6.8�8.9 [n=19] vs 4.2�3.1 [n=23], P>.05).
Early recognition of AKI was missed in 42% of cases
(54 of 129) in the emergency department. Moreover,
early suspension of RAS blocker administration was
performed in only 16% of AKI cases, regardless of
whether AKI was identified (22%) or not (8%).

Prevalence of Antihypertensive Drugs Other Than
RAS Blockers
Calcium channel blockers (CCBs) and diuretics were
prescribed in 39.8% and 57% of our patients, respec-
tively. Diuretics alone or in combination found in our
study were hydrochlorothiazide (43% of patients taking
diuretics) and/or one of the following (57% of patients
taking diuretics): indapamide, chlorthalidone, furose-
mide, or bumetamide. Neither CCBs or diuretics alone
or CCBs or diuretics plus RAS blockers were associ-
ated with AKI (P>.05). Overall, b-blockers and spirono-
lactone were prescribed in 57.7% and 11.7% of
patients, respectively. Spironolactone or b-blockers
were not associated with RAS blocker use or with AKI
(P>.05).

DISCUSSION
Limited data exist regarding community-acquired AKI.
In our study, 40% of patients with CKD admitted to the
emergency department had community-acquired AKI.
Although this rate is far higher than the incidence rate
found in the largest study on community-acquired
AKI,11 this is likely explained by our selection criteria
that focused our study on patients most susceptible to
AKI who present with frequent comorbidities such as
moderate to severe CKD, diabetes mellitus, arterial
hypertension, and older age.3,4 Accordingly, the mean
age of our cohort was 77 years, which is consistent with
other epidemiologic studies on community-acquired
AKI.11,12 Elderly patients taking RAS blockers are
prone to AKI and hyperkalemia because of their specific
risk for complete inhibition of RAS.13 Although some
trials have suggested that RAS blockers are safe in
patients with severe CKD,14,15 our data clearly contrast
with this observation, as more than 44% of our CKD
patients taking a RAS blocker experienced AKI. Trials
on RAS blockers may have observed fewer adverse
events attributable to close monitoring of highly selected

patients included in the trial. This situation differs
significantly from our study, which involved unselected
elderly patients with a high comorbidity burden.
Unfortunately, these frail patients are usually excluded
from almost all trials and scientific data on them are
missing.16–19 Furthermore, the specific effect of RAS
blockers on slowing CKD may be inadequate in the
elderly because they have a slow renal deterioration rate
and often die before reaching end-stage renal disease.20

RAS blocker discontinuation may even delay the
progression of CKD to end stage renal disease in the
elderly.21,22 However, the debate is not closed, as the
benefit of using RAS blockers may exceed the risks in
patients with high proteinuria (ie, ≥1 g/d).23 From this
point of view, the incidence of AKI that we report in this
population highlights the need to assess the risk-benefit
balance and to monitor these patients carefully.
ARBs and ACE inhibitors present substantial phar-

macologic differences.7 ACE inhibitors block ACE and
therefore may inhibit both receptors of angiotensin II
(ie, AT1 and AT2) but also affect the degradation of
kinins. In contrast to ARBs, the antihypertensive effect
of ACE inhibitors can be blurred by different factors.
Accordingly, ACE inhibitors lead to a fall in circulating
angiotensin II, with a subsequent increase in renin
release that partially returns angiotensin II levels toward
baseline. Moreover, alternative enzymatic pathways
(eg, chymase) may produce angiotensin II independently
of ACE (eg, within the myocardium and blood vessels).
In contrast, ARBs inhibit most of the biological effects
of angiotensin II, without modifying the amount of
circulating angiotensin II. Because of this action on the
terminal effector (ie, angiotensin II), ARBs provide a
more complete and powerful blockade of RAS in
comparison to ACE inhibitors. In our data, despite
these effects that lead to the strong inhibition of the AT1

receptor, ARBs were not associated with an excess risk
of AKI, whereas ACE inhibitors did. More accurately,
excess risk of AKI is almost exclusively caused by
overdose in ACE inhibitors. Contrary to ARBs, which
are cleared by the liver, ACE inhibitors are mainly
cleared by the kidneys (Table I) and can accumulate in
cases of CKD and induce a chronically maximal RAS
inhibition. If this is associated with a minimal insult (eg,
mild dehydration), it could compromise renal function.
From a pharmacologic point of view, it is reasonable to
assume that a long-term accumulation of an overdose of
ACE inhibitor in cases of CKD could lead to higher
RAS inhibition than ARBs. In addition, we noted a
trend in longer AKI in cases of ACE inhibitor overdose
(6.8�8.9 [n=19] vs 4.2�3.1 [n=23], P>.05). This
suggests that the elimination rate of the drug (ie, ACE
inhibitors or ARBs) could be an important determinant
of AKI and that renal clearance of ACE inhibitors could
be an important difference in this case. Certainly many
other factors related to the differences between ACE
inhibitors and ARBs pharmacokinetics and pharmaco-
dynamics could contribute to the occurrence of AKI.
However, we did not find any literature comparing the
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blockade of AT1 by ACE inhibitors and ARBs in the
context of AKI, and our retrospective design is limiting
in this context. Despite this limitation, as mentioned in
some guidelines on AKI, strategies to avoid potential
drug accumulations and subsequent AKI should be
encouraged.3,4 Accordingly, the preferential use of
drugs metabolized primarily by the liver such as ARBs
should be discussed. This question should be specifically
addressed in large-scale prospective studies. In addition,
the dose adjustment to renal function, the regular
monitoring of kidney function, and the interruption of
drug administration during intercurrent illness are
mandatory when using ACE inhibitors, especially in
patients who are at high risk for intravascular volume
depletion.24

Unfortunately, roughly 42% of AKI cases were not
diagnosed at the time of admission in the emergency
department. This proportion of missed AKI is in line
with a recent epidemiological study.25 This could be
explained by the fact that almost all AKIs were stage
1. Despite clear statement in the KDIGO guidelines,
this small increase in plasma creatinine was likely not
considered clinically relevant by the clinicians in
charge of the patients. However, delay in recognizing
mild AKI often leads to more severe AKI by delaying
nephrotoxic drug withdrawal and sufficient increase in
volume perfusion. As has been reported previously, we
observed that even stage 1 AKI increased the risk of
adverse outcome.26 For instance, it was associated
with a doubling of the time of length of stay in our
cohort.

Despite the acute rise in plasma creatinine, RAS
blockers were rarely suspended at the time of emergency
admission. Although this might be expected in cases of
missed AKI, it was more surprising to observe the same
scenario in cases of identified AKI. This resulted in
prolonged administration of RAS blockers in situations
of AKI, which require optimal renal hemodynamics to
recover. Although our study was not powered to detect
this type of difference, we noted a trend showing that
sustained administration of RAS blockers in cases of
AKI may result in prolonged length of AKI. Absence of
RAS blocker discontinuation despite the occurrence of
AKI could be attributable to two main factors: first,
some may argue that stage 1 AKI is an expected result of
introduction of RAS blockers.27 However, the study
design excluded this misdiagnosis and all patients were
taking RAS blockers at the time of CKD stage evalu-
ation at least 3 months before index admission. Second,
the RAS blockers were not stopped because AKI was
often not recognized. The practice of suspending RAS
blockers during mild AKI is still debated.28–31 Inhibiting
angiotensin II using RAS blockers raises the risk of
prerenal AKI but may reduce the risk of renal AKI.
Indeed, they may decrease tubular cell necrosis during
ischemic insults such as dehydration or sepsis by
increasing renal blood flow and oxygenation through
the vasodilation of efferent arterioles.30,31 Nevertheless,
CKD is accompanied by failure of vascular autoregula-

tion, which probably does not permit an increase of
renal blood flow because of RAS blockers.32 In this
study, RAS blockers doubled AKI duration. We postu-
lated that, in CKD patients, RAS blockers could
promote the evolution from a prerenal AKI to true
tubular injury, which would take longer to be resolved.
Duration of AKI seems to be an independent predictor
of in-hospital mortality in several studies.33,34 Adapting
the dosing of ACE inhibitors to renal function and
discontinuing ACE inhibitor administration in cases of
AKI could minimize the duration of AKI.

STUDY STRENGTHS AND LIMITATIONS
Our study has several strengths. First, to the best of our
knowledge, this is the only study to describe the
association between AKI and RAS blockers according
to the method of dose adaptation to estimated GFR and
the category of RAS blockers. Second, only patients
with true CKD, as defined by KDIGO guidelines, were
included in the study (ie, based on the definition of
baseline renal function).1 Third, we included informa-
tion on causes of AKI, which is important to interpret
the results of RAS blocker side effects. Finally, a
particular strength of our study was to include elderly
patients who are underrepresented in the main trials on
RAS blockers. This model also has limitations for a
single-center retrospective study. The sample size is
relatively small. The population in this study excluded
severely ill patients who were admitted to the intensive
care unit or patients who underwent transplantation.
Thus, results may lack external validity. In addition, we
limited the definition of AKI to the modification in
plasma creatinine level because exact data regarding
urine output were not available.4 Finally, we have not
been able to control our model for all known con-
founders, which may attenuate the relationship between
AKI and ACE inhibitors.

CONCLUSIONS
The main results from this study show that the
frequency of dose adjustment of ACE inhibitors to
actual renal function of patients with CKD is insuffi-
cient. The lack of dose adjustment increased the risk of
community-acquired AKI, which led to prolonged
hospital length of stay. In contrast, ARBs seem to be
less harmful in moderate to severe CKD, possibly in
part because of their hepatic clearance, which reduces
the risk of accumulation in patients with acute-on-
chronic renal failure. Current strategies that can be
used to minimize the risk of AKI include stopping RAS
blockers in case of dehydration, respecting manufac-
turer recommendations on dose adjustment of ACE
inhibitors to renal function, and perhaps the preferen-
tial use of ARBs in patients with CKD. However, these
questions should be addressed in large prospective
studies. Finally, there is a need to systematically
determine the risks and benefits of RAS blockers to
prevent progression of proteinuric CKD in elderly
patients.
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